The quality of fluidization of FCC particles (dp =60/im) was studied by using six kinds of fluidizing gases in a 0.081 m diameter column. As several investigators have described, minimumfluidization velocity was inversely proportional to gas viscosity and was almost independent of gas density. The expansion ratio of the emulsion phase was, however, dependent on gas density and increased with viscosity and density. Both measured bubble frequency and deviation of pressure fluctuations were also influenced considerably by the gas properties. The voidage of the emulsion phase was considered to be dominated by the properties of the gas flowing through the emulsion phase. Thus the apparent viscosity of the emulsion, i.e. the quality of fluidization, is influenced by those properties of gases.
Introduction
The behavior of fluidized beds at elevated temperatures or pressures differs from that under ambient conditions. Hong et al.l2) reported that the particle adhesion forces increased with temperature and affected the mean voidage of the bed at minimum fluidization.
Piepers et al. 19) reported that the increasing elasticity moduluswith pressure explained the increasing bed expansion with pressure. In addition to the above causes, one of the main factors affecting fluidity seems to be a change in properties of fluidizing gases. The relationship between minimum fluidization velocity and gas properties has been studied extensively. At low values of the Reynolds number minimum fluidization velocity Umf is almost independent of gas density and varies inversely with viscosity.5' 7' 1^Therefore, Umf decreases with increasing temperature6'26 '29) and is unaffected by the change of pressure. 3'14'19'29) On the other hand, minimum bubbling velocity Umbchanges with gas density and viscosity.140'14'23* Geldart and Abrahamsen10) have correlated Umb with the properties of fluidizing gas and particles.
They used the ratio Umb/Umf as a parameter to judge the hydrodynamic behavior of small powders. According to their results it is possible that even powders which behave as group A8) powders when fluidized by air behave as group B powders when fluidized by some other gases, such as hydrogen. Henceit is expected that the characteristics of bubbling fluidized beds are also influenced by gas properties.
Several investigators have studied the bed behavior of heterogeneous fluidization at elevated temperatures or pressures. It was found that bubble size decreased with increasing temperature9' 13' 27' 29?32) and pressure. 19'28) From these results gas density and viscosity are considered to affect the quality of fluidization.
In the present study, the behavior of fluidized beds of small powders was investigated by changing gas
properties. For this purpose we measured Umf, the expansion ratio of the emulsion phase, bubble frequency and pressure fluctuations. Six kinds of gases were used to vary the properties of fluidizing gas at ambient pressure. The pressure fluctuation and bubble signals were measured at ambient and elevated temperatures.
1. Experimental
Materials
The solid used in the present study was a cracking catalyst (FCC) which is characterized as the group A' powder in Ikeda's criterion16) for good fluidization.
The properties of the dry particles are given in Table   1 .
Since fluidized beds of dry particles were affected by electrostatic charges at room temperature, FCCparticles containing a small amount of water in the pores were provided for the present experiments. The influence of electrification was decreased by this treatment.13) Also, the influence was found to be small at elevated temperatures.13)
Experimental apparatus and measuring system
Minimumfluidization velocities were measured in a fluidized bed of a 0.051 m i.d. acrylic column. The The mean deviation and dominant frequency of the signal were found from calculation.
Bubble size was calculated from the bubble frequency measured by an optical probe mounted on the central axis of the bed 0.45m above the distributor. Further details on the apparatus design and measuring system were described in the previous paper.13) 2. Results
Minimum fluidization velocity Minimum fluidization
velocity was determined from the usual plot of pressure drop against superficial gas velocity. In a region of low Reynolds number, where viscous forces predominate, Umfis almost independent of gas density and inversely proportional to.gas viscosity.5'7'15* Figure  1 shows a correlation between Umfand gas viscosity. The slope in the figure is equal to -1. It was confirmed from this figure that Umfwas inversely proportional to gas viscosity.
Expansion of emulsion phase
The equivalent height of the emulsion phase in the aggregative bed, Le, can be determined by extrapolat- could be explained by a dimensionless number Np:
The expansion ratio was in inverse proportion to the parameter Np. In their experiments, however, the gas properties were not changed.
The relationship between (Le -Lq)/Lq and gas viscosity obtained from measurement in this study is shown in Fig. 2 . The values of the expansion ratio are relatively small under conditions using hydrogen and helium as fluidizing gases. Therefore it is considered that not only gas viscosity but also gas density influences the expansion of the emulsion phase. The expansion ratio in this study was found to be correlated with gas viscosity and density in the form of a power-type equation by the method of nonlinear least squares:
The experimental values of (Le -Lq)/Lq are well correlated by this expression, as can be seen in Fig. 3 . Abrahamsen and Geldart2) have also suggested a relationship to predict the average emulsion-phase voidage:
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The difference between Lmf and Lq is negligibly small and so the value of LJLmfis almost equal to that of LJLq. The average error expressing our data ofLJLq using Eq. (3) was 6.6%. However, the parameter (Le-Lq)/Lq is so sensitive to the change ofLe that Eq. umf {pP-p)gdp They showed that the ratio Umb/Umf is a useful criterion for judging the hydrodynamic behavior of small powders.
It is interesting that the dependence of (Le -Lq)/Lq on gas properties is just similr to that of Umb/Umf, while the ranges of gas velocities were quite different:
Umbwas less than 0.01 m/s and Le was measured at velocities of more than 0.05 m/s. Figures 4 and 5 show the relationship between the gas velocity and the average deviation of the amplitude of the pressure fluctuations for six types of gases at 280 and 640K, respectively. It is seen that the deviation depended not only on temperature but also on the kind of fluidizing gas. In both cases the deviations were very large whenbeds were fluidized by hydrogen. The deviation for ethylene at 280 K was relatively small, but this did not correspond certainly to the good quality of fluidization. The fluidity might be influenced by the gas adsorption of the particles. Figures 6 and 7 show the relationship between gas velocity and bubble size for six types of gases at 280 and 640K, respectively. The plots show a similar tendency to that of the deviation of amplitude. The bubble size was largest and the fluidization quality was worst when beds were fluidized by hydrogen. The bubble size for ethylene was also relatively large. The viscosity was higher for helium than nitrogen, but the bubble size was larger for helium. This may be caused by the lower value of the density of helium. 
Pressure fluctuations and bubble size

Discussion
In bubble columns, mean bubble size increases with liquid viscosity under constant aeration. In fluidized beds, it has been stated that the stable bubble size increased with the apparent viscosity of a bed.n'26) Clift et al.4) suggested that the bubble stability depended strongly on the effective viscosity of the emulsion phase and that the properties of fluidizing gas had negligible influence for gas-fluidized beds.
Pritchett et al. 21 ) estimated the effective viscosity of a fluidized bed based on the particle-particle slippage and concluded that the effective viscosity decreased with increasing bed expansion.
Taking account of the results of the above studies and the present work, wecan suppose that the bed behavior is influenced by the properties of fluidizing gas which flows through the emulsion phase. The effect of gas flow in the form of bubbles on fluidity is considered to be small. We can conclude that the effective viscosity of the emulsion phase, which is associated with the expansion of the emulsion, is influenced by the kind of fluidizing gas.
We will now correlate bubble size and pressure fluctuations with a parameter, jj°-8p°-08/pb, based on the expansion ratio of the emulsion phase given by Eq. (2). Pressure fluctuations were expressed as the uniformity index1 3):
'^^f^x lOO (5) The results of the correlations are shown in Figs. 8 and 9. Both the uniformity index and bubble size generally decreased when the fluidization quality was improved. Therefore, it is seen that quality increased with the parameter fj°-8p°-08/pb and that the influence of gas velocity on quality was relatively small when the quality was good. The behavior of fluidized beds might be affected by various causes. It is considered that a change in the properties of fluidizing gases is also one of the main factors affecting fluidization quality. Figure 10 shows the relationship between uniformity index and bubble size. In our recent study13) we investigated the bed behavior by using four types of powders and air as the fluidizing gas. The results are compared with those of the present study in Fig. 10 . According to previous reports,16 '30'31) FCC particles such as those used in this study have optimal physical properties for good fluidization. Indeed, the quality of fluidization was very good when a bed was fluidized by air and nitrogen, but the quality decreased when fluidized by hydrogen. Figure 10 shows that the bed behavior, when the FCC particles were fluidized by hydrogen, was similar to that when silica particles (dp= \3$ jj.m) were fluidized by air.
C onclusion
The effects of gas properties on the behavior of the fluidized bed of small powders were examined.
Minimumfluidization velocity of the FCCparticles of 60fim diameter was independent of gas density and inversely proportional to gas viscosity. However, the expansion ratio of the emulsion phase under fully fluidized conditions was influenced by the gas viscosity and density. Bubble size and the deviation of amplitude of pressure fluctuations increased with these gas properties.
The difference of fluidization quality was caused by the change of expansion ratio of the emulsion which was influenced by the gas properties. When a bed was fluidized by hydrogen, which had relatively small density and viscosity, the quality of fluidization was worse than that of the bed fluidized by air. Therefore, we must take account of not only the particle properties but also the gas properties to predict bubble size and quality of fluidization for fluidized beds of small powders. 
